1. Forty pigs between 23 and 51 d of age were given ad lib. diets containing wheat and one of five protein concentrates: meat meal A, meat meal B, soya-bean meal, milk and lupins (Lupinus augustifolius). Twenty of these pigs were given indigestible markers from 51 to 56 d of age and were killed at 56 d of age.
Methionine and lysine are often considered to be the first two limiting amino acids in the diets of young pigs. However, recent reviews have concluded that early results in the literature may have been overestimates of the methionine requirement of pigs. For example, the (US) National Research Council (1973) summarized information on the methionine plus cystine requirement of the 5-10 kg pig as 6-9 g/kg diet while by 1979 the recommended level was reduced to 5.6 g/kg diet ((US) National Research Council, 1979) . In addition to knowledge of the total methionine content of a diet, it is important to know the availability of methionine to the pig from different feedstuffs. It is possible that the large range of published methionine requirements may be partially explained by differences in the availability of methionine.
Studies with lysine have shown availabilities of 0.39, 0.50 and 0-88 for cotton-seed meal, meat meal and milk protein respectively (Batterham et al. 1979) . However, there is no similar information in the literature on the availability of methionine from these feeds and this was, therefore, the main objective of the present experiment. It is of interest to relate the availability of methionine for growth with its apparent absorption to the ileum; this was a further objective of the present experiment. to diets 1-5 (four per diet), the second twenty to diets 6-10 (four per diet) and the last two groups (forty pigs) to diets 1-10 (four per diet). The diets were offered ad fib. and water was available from nipple drinkers. Fresh food was offered daily, and the food residues and pigs were weighed weekly. The duration of the experiment was 28 d. The cages were in a draught-free room maintained at 26". Artificial lighting was continuous at a low intensity. No mortalities occurred during the experiments.
Faeces were collected on screens above sloping trays, which drained the urine into bottles containing 200 ml hydrochloric acid (5 mol/l). The collection period was from 45 to 51 d of age.
Indigestible marker was sprayed on to the feed given to twenty pigs (diets 1-5, four pigs per diet) from 51 to 56 d of age. Feed was restricted to 90% of the ad lib. intake from 51 to 56d and offered hourly. The marker used during this period was 103Ru-labelled Tris-( 1 , 10-phenanthro1ine)-ruthenium (11) chloride and details of the procedures have been described by . The intake of the isotope was approximately 2.5 ,uCi/pig per d.
At 56 d of age, exactly 15 min after an hourly feeding, the pigs were anaesthetized by intravenous administration of Surital (sodium thiamylal; Parke Davis & Co., Sydney). The intestinal tract was removed under these conditions to prevent, as far as possible, the shedding of epithelium into the intestinal lumen. The length of the small intestine was measured and then divided into four equal parts (designated SI 1, SI 2, SI 3 and SI 4). All digesta were rapidly removed from the stomach, small intestines, caecum and colon. The digesta were then weighed and the pH determined, and stored at -20". The carcasses were frozen at -20".
Analytical methods The frozen carcasses were sawn into pieces and minced through a cutter-grinder fitted with a 5 mm screen plate, and a subsample freeze dried before analysis. Digesta samples were homogenized and counted in an Auto Gamma Spectrophotometer (Model 5320; Packard Instrument Co. Inc., Ill). Dry matter (DM) was determined using a forced-air oven at 95". Amino acids in feed and digesta samples were determined using ion-exchange chromatography (TSM Amino Acid AutoAnalyzer ; Technicon Equipment Ltd, Sydney) after samples had been oxidized with performic acid and then hydrolysed in 6 M-hydrochloric acid for 24 h at 136". Total N was determined by the Kjeldahl method and trichloracetic acid-precipitable N by the method of Ternouth et al. (1974) . Carcass fat was determined by the Soxhlet method, extracting the samples with light petroleum (b.p. 40-60") for 18 h.
Statistical anaIysis
The values were subjected to analysis of variance and least significant differences ( P -= 0.05) were used to compare means statistically (Steel & Torrie, 1960) .
The standard errors were calculated as .\/(EMS/n) where EMS is error mean square and n was 16 for protein source, 40 for methonine supplement and 8 for interaction in Table  2 and 4 in all other tables. The weight-gain values were corrected for differences in feed intake by covariance (Steel & Torrie, 1960) .
RESULTS

Performance of pigs
The weight gains of the pigs (Table 2) were not significantly different between the pigs given the diets containing 2.1-2.3 g methionine/kg and those given diets containing 3.1-3.3 g methionine/kg. The weight gain and feed conversion ratio of the pigs fed on the diets containing 2.1-2.3 g methionine/kg were higher when milk protein was included than for the other four sources of protein. Also, the weight gain of the pigs fed on the diet containing lupins was less than that of pigs fed on diets containing the other protein sources; however, a reanalysis of this diet showed that its methionine content was only 2.1 g/kg diet in contrast to 2.3 g/kg diet for the other diets. After supplementation of the diets with methionine, the differences between the sources of protein were eliminated and the weight gains and feed conversion ratios were similar for all five sources of protein.
The N retention values (Table 2) showed a lower retention of N in the pigs given lupins and meat meal B (total methionine content of 2.1-2.3 g/kg diet) than those given the other three sources of protein.
The apparent digestibility of DM and N was lower for the diets containing meat meal A and meat meal B than for the diets containing soya-bean meal, milk or lupins.
Retention time of digesta, p H and digestion of DM
The overall retention time of the marker in the digestive tract of the pigs was 1032-1538 min (Table 3 ). The retention time was greater for the diets containing soya-bean meal and lupins than for the other protein concentrates, and this was due to a longer retention of the marker in the large intestine for the pigs given these two diets.
The average retention time of the marker in the stomach was 147 min, in SI 1 7.6 min and in SI 2 17.9 min and not significantly different between diets. There were no differences between protein sources. t The length of the small intestine was measured and divided into four equal parts. The mean pH of the stomach was 3.6 and this increased to 7.3 in SI 4 and then reduced to 6.2 in the caecum. There were no differences between the diets (Table 4) .
There were small differences in the DM intake of the pigs given the diets containing the five sources of protein, and in all cases the flows of DM through the stomach were not significantly different from the DM intakes ( Table 5 ). The flow of DM through SI 1 ranged from 60% for the pigs given the milk and lupin diets to SO% for the pigs given the meat meal B diet. The flow of DM through SI 2, SI 3, SI 4 and the caecum was similar for the pigs given the diets containing all five protein concentrates.
Digestion of N For the pigs given the diets containing the five protein sources the N flow through the stomach and SI 1 was similar to the N intake ( Table 6 ). The flow of N through SI 2 and SI 3 in the pigs given the milk diet was less than that of the pigs given the other sources t The length of the small intestine was measured and divided into four equal parts. t The length of the small intestine was measured and divided into four equal parts.
of protein. There were no differences in flow of N through SI 4, caecum and large intestine for the pigs given the five protein sources. In the pigs given the milk diet the major site of N absorption was SI 2 while for the pigs given meat meals A and B the major site was SI 3. The values for the pigs given soya-bean protein and lupins were intermediate. The N digested in the large intestine of the pigs given the milk diet was 3.4% of the total digestion t The length of the small intestine was measured and divided into four equal parts. 8 Methionine content of weight gain 3.5 g/kg (calculated from the means of methionine content of carcass protein (Wilson & Leibholz, 1981 c) and the composition of carcass given in Table 9 ).
while the values ranged from 7.5 to 11.3% in the pigs given the other four protein concentrates.
Between 45 and 65% of the protein was TCA-precipitable in the stomach (Table 7) . By the beginning of the small intestine (SI l), 75-81 % of the N was TCA-soluble. The protein in the meat meal A and B diets was hydrolysed to a smaller extent in SI 2 than the milk protein. There were no statistical differences between diets in the hydrolysis of protein in the caecum and colon, where 53-64% of the N was TCA-precipitable.
The apparent digestibility for methionine to SI 4 was 0.74-0.86 and was significantly greater for milk than the other four protein concentrates ( Leibholz (1981 c) . The initial composition of the pigs was also taken from this paper and the final composition of pigs is shown in Table 9 . From these values the methionine content of the live-weight gain was estimated to be 3.5 g/kg.
The apparent digestibility of methionine to the ileum was calculated for pigs between 51 and 56 d of age. This digestibility value was applied to the weight gains of the pigs over the whole experiment (23-51 d of age) in the calculation of the retention of dietary methionine (Table 8) . Using this value, the apparent retention of methionine in the weight gain was similar to its absorption to the ileum.
Carcass values
The carcass values in Table 9 show that there was no difference in chemical composition of the carcasses of the pigs given the five protein concentrates. It was calculated that the efficiency of retention of dietary protein in the carcass was greater for the milk diet than for the other four diets largely due to a lower protein content in this diet than in the other four diets.
DISCUSSION
Five protein concentrates were compared on an equal total methionine basis in diets calculated to supply about 80% of the requirement for methionine recommended by the (US) National Research Council (1979) . Approximately half the methionine in each diet came from the wheat in the diets. Each diet was also supplemented with free methionine to verify that methionine was the first limiting amino acid. The performance of the pigs fed on diets containing 2.3 and 3.3 g methionine/kg was similar, from which it might be concluded that 2.3 g total methionine/kg diet and 2.9-3.3 g cystine/kg diet was sufficient for pigs 23-5 1 d of age consuming diets containing wheat with meat meal, milk or soya-bean meal as the protein concentrate. On the other hand, pigs given the diet supplying 2.1 g methionine/kg from lupins grew faster when the diet was supplemented with methionine. This may be explained by a requirement of methionine greater than 2.1 g/kg or a lower availability of methionine from lupins, or both. It was unfortunate that the methionine content of the diet containing lupins was not the same as that of the diets containing the other protein concentrates. The (US) National Research Council (1979) and Agricultural Research Council (1981) suggested minimum requirements of methionine of 2.8 and 3.3 g/kg diet respectively, while 2.5 g/kg diet was considered adequate by Leibholz (1984) .
The apparent digestibility of DM in the whole tract was about 5% less for the two diets which contained meat meal than for those containing milk. As all protein concentrates contributed only about half the CP in the diet, the other half being wheat, the real difference in digestibility between meat meal and milk was probably about 10%.
With suckled pigs, Kidder & Manners (1968) reported the retention time of digesta through the whole tract as 1400-1 800 rnin while, with commercial diets, Kidder & Manners (1968) reported a retention time of less than 1400 min. These values are similar to those reported in the present experiment of 1000-1500 min. With purified diets and slightly younger pigs (28 v. 56 d), retention times of 1500-1 600 rnin were reported by Leibholz (198 1, 1982) . The retention time in the stomach was about 140 rnin in the present experiment which is similar to the values of Kidder et al. (1961) . Kidder & Manners (1974) reported a retention time of 150 rnin for the flow ofdigesta through the small intestine, while values of 140-1 50 min were observed in the present experiment. The small intestine was divided into four equal sections and the results showed an initial rapid rate of flow at the beginning of the small intestine, 10 rnin through the first quarter, increasing to 60 min through the last quarter. The same observations were made by and Leibholz (198 1, 1982) . The source of protein in the diets did not influence the retention time of digesta in the small intestine. However, as observed in an earlier experiment (Leibholz, 1981) , the retention time of soya-bean meal and lupin diets in the large intestine was greater than that of milk diets. The values for the diets containing meat meal were intermediate. This might be explained by the higher fibre content of soya-bean meal and lupins than of milk and meat meal. Also, the form of the carbohydrate in these protein concentrates differs from that occurring in the milk and meat-meal protein concentrates.
The gastric pH in the present experiment was 2.9-3.9 with 56-d-old pigs while values of 5-0-5.5 were reported for 28-d-old pigs by Leibholz (198 1) . This suggests that acid secretion in the stomach might be dependent on the age of the pig rather than diet as the pigs in these two experiments had been weaned for 28 and 21 d respectively, at the time of the pH measurements. Hartman et al. (1961) found that both age and diet could influence gastric pH in the young pig. The gastric pH of growing pigs varied between 1-3 and 4.8 depending on time after feeding in studies by Lawrence (1970) .
The proteins in food are first acted on in the stomach by pepsins. Pig pepsinogens are hydrolysed to pepsin in acid conditions, slowly at pH 6 and rapidly at pH 2 (Ryle, 1960) . With gastric pH of 2-9-3.9 in the present experiment, about half the dietary protein was hydrolysed in the stomach, and the hydrolysis of soya-bean protein tended to be less than that of the other four protein concentrates. By the duodenum, about 80% of all protein was hydrolysed which is similar to the value obtained by Zebrowska (1973) for 60-kg pigs given soya-bean protein. On the other hand, the soya-bean protein was only 50% hydrolysed by the duodenum in pigs of 28 d of age (Leibholz, 1981 ; Wilson & Leibholz, 1981 b) . Thus, the decrease in gastric pH between 28 and 51 d of age and the increased pancreatic secretion (Gorrill & Friend, 1970) appear to have led to a greater hydrolysis of dietary proteins in the stomach and duodenum.
The hydrolysis of the diet containing milk was greater than that of the other protein concentrates in the small intestine, and there was also a greater apparent and true digestion of the diet containing milk, which was similar to our previous observations with milk and soya-bean protein (Wilson & Leibholz, 1981 b) .
The apparent digestibility of methionine to the ileum was 0.86 for milk and 0.75 and 0-76 for meat meals A and B respectively, which agrees with the observations of Alimon & Farrell (1980) . The apparent digestibility of methionine was similar to that of N for milk, soya-bean meal and meat meal but for lupins the digestibility of methionine (0.74) was less than the digestibility of N. However, the weight gains of the pigs given lupins were less than those of pigs given the other four sources of protein so that the retention of absorbed methionine in terms of weight gain was high for all sources of protein.
The methionine composition of the pigs was taken from Wilson & Leibholz (1981 c) but is similar to other values in the literature (e.g. Williams et al. 1954; Aumaitre & Duee, 1974) . The amino acid composition of carcass protein was shown not to alter greatly during the growth of the pigs nor does the amino acid composition of the diet markedly affect the amino acid composition of the body (Williams et al. 1954; Aumaitre & DuCe, 1974; Wilson & Leibholz, 1981 c) . Hence, the methionine content of the body protein estimated in a previous experiment was used in the present study to estimate the retention of absorbed methionine in weight gain. The apparent digestibility of methionine to the ileum was calculated for pigs between 51 and 56 d of age. This digestibility value was applied to the weight gains of the pigs over the whole experiment, 23-51 d of age, in the calculation of the retention of dietary methionine (Table 8) .
Both the retention of N and of individual amino acids in the empty body would be affected by the balance of amino acids in the diet in relation to the amino acid requirement of the animal for maintenance and growth (Solberg et al. 1971) . This means that high efficiency of incorporation of an absorbed amino acid into the carcass would indicate that the amino acid may be limiting. In the present experiment, the efficiency of incorporation of apparently absorbed methionine into weight gain was about 1, which would suggest that methionine was the first limiting amino acid, especially as the overall retention of apparently absorbed N in the carcass was 0.51471. The retention of N from the milk diet was greater than that from the other four protein concentrates which may suggest a better balance of amino acids in the diet containing milk but it is also notable that the N content of this diet was less than that of the other four diets.
Hodge (1974) found that the retention of digested N in the 10 to 30-d-old pig given a liquid milk diet was 0.50-0.57, while these values declined to 0.30-0-39 between 30 and 50 d of age. Values of 0 . 7 2 4 7 5 were reported for diets containing milk and 0.55-0.62 for diets containing soya-bean protein in 7 to 35-d-old pigs (Wilson & Leibholz, 1981 c) . These values are similar to those of the present experiment for 56-d-old pigs, 0.67 for milk and 0.48 for soya-bean meal.
The apparent digestibility of methionine to the ileum was 0-86 for milk and 0.75 for meat meal which is similar to the values reported by Alimon & Farrell(1980) . The efficiency of utilization of the absorbed methionine was not statistically different between treatments; thus, it may be suggested that digestibility values may indicate the efficient utilization of dietary methionine under these conditions. The same conclusion was made by Achinewhu & Hewitt (1979) in studies with rats and chickens.
In summary, it appeared that 2.3 g total methionine/kg diet containing wheat and meat meal, soya-bean meal, milk or lupins was sufficient to meet the requirements for the growth of pigs from 23 to 56 d of age. However, 2.1 g methionine/kg diet from lupins and wheat was not sufficient. The (US) National Research Council (1979) recommends a minimum requirement of 2.8 g/kg.
The retention of apparently absorbed methionine in weight gain was high for all sources of protein, and there were no differences between the five diets.
The hydrolysis of proteins (TCA solubility) in the stomach and duodenum of pigs at 56 d of age was greater than those reported for 28-d-old pigs.
